A report on the genus Tamarix (Tamaricaceae) in Crete is provided. The previously recorded taxa are compared with new collections made on the island and with vouchers found at different herbaria. Three species were fully confirmed: T. nilotica and T. parviflora, collected in the field, and T. smyrnensis, found only in herbarium vouchers. The other previously reported taxa, T. dalmatica, T. hampeana, T. pallasii and T. tetrandra were not found; T. dalmatica was erroneously reported, the record of T. hampeana represents a fourth species but its identity requires further study, records of T. pallasii are probably misidentifications of T. nilotica and/or T. smyrnensis, and the record of T. tetrandra probably refers to T. parviflora. The presence of T. nilotica is documented, confirming that it has been historically overlooked and mistaken for T. smyrnensis. A morphological comparison between T. nilotica and T. smyrnensis is provided in order to avoid further confusion and misidentifications. A dichotomous key for the Tamarix species reported in Crete is provided.
Introduction
The taxonomy of the genus Tamarix L. (Tamaricaceae) is notoriously com plex (Bunge 1852; Zohary 1972; Baum 1978) . It is thought to contain between 54 and 90 species (Zohary 1972; Baum 1978; Yang & Gaskin 2007) , although about 200 taxa, including species, subspecies, varieties and forms, have been described since Linnaeus (1753) named the genus. According to Baum (1978: 178-179) , Tamarix shows two main speciation centres, one in the Indo-Turanian region and the other in the Middle East. From there, the genus migrated south and west towards Africa and Europe, and also north and east to the cold deserts and the Pacific coast of Asia (Baum 1978) .
The island of Crete is located in the Aegean Sea, 97 km from continental Greece, 179 km from continental Turkey and 287 km from the NE coast of Libya. Tama rix is widely distributed in Crete, particularly along the coastline, in ravines and in the lower courses of rivers. Seven species have been reported until now: T. dalmatica B. R. Baum, T. hampeana Boiss. & Heldr., T. nilotica (Ehrenb.) Bunge, T. pallasii Desv., T. parviflora DC., T. smyrnensis Bunge and T. tetrandra Pall. ex M. Bieb. The first report of the genus Tamarix in Crete was T. cretica Bunge, which was described (Bunge 1852: 33) from plants collected by Sieber at "Armiro". However, T. cretica was soon synonymized to T. parviflora (Boissier 1867: 769) , a synonymization that is now widely accepted (Baum 1968 (Baum : 1978 . Tamarix pallasii was reported by Boissier (1867: 773) and, based on material determined by Boissier, Raulin (1869: 419) . In the first printed version of his monograph of the genus, Baum (1966: 122) only reported the presence of T. parviflora in Crete. However, two years later, in his Flora europaea account, Baum (1968: 293) added T. dalmatica and T. smyrnensis. Due to the lack of records, the occurrence of T. dalmatica was rejected by Greuter (1974: 139) , who was followed by Dimopoulos & al. (2013: 143) and by most other publications. It should be noted that the correct identification of T. dalmatica has been regarded as troublesome in the W Mediterranean region (Villar & al. 2012: 254) . There also exists a record of T. hampeana in the Chania region (Turland 2010 , determined by B. R. Baum). Recently, Dimopoulos & al. (2013: 143) have cited T. nilotica and T. tetrandra as occurring in Crete. The T. tetrandra record probably follows Zielińsky's (1994: 34) treatment of T. parviflora as a synonym of T. tetrandra. Jahn & al. (2014: 295) questioned this record and called for further revision. In the present study, we have still considered both species as separate. Among all records, T. parviflora and T. smyrnen sis were thought to be by far the most abundant species in Crete (cf. Fielding & Turland 2005: 414) .
During two field trips to Crete, in July and October of 2009, a number of Tamarix specimens were collected throughout the island, but some did not match with any of the previously reported taxa. The aim of this study was to clarify the identity of those specimens, and to provide a tool to easily identify the species present on the island.
Material and methods
The 22 specimens collected during the fieldwork were prepared, databased and stored at the Herbarium of the University of Alicante (ABH), Spain. Moreover, several international herbaria were visited or consulted (B, G, K, MA, MO, MPU, P, PR, PRC, VAL and W; herbarium codes according to Thiers, 2008+) . About 180 vouchers, belonging to the reported species in Crete, were studied in order to properly clarify the identity of the specimens collected. Different taxonomic studies and dichotomous keys were also consulted to obtain accurate identifications (Bunge 1852; Baum 1968; Zohary 1972; Villar & al. 2014) . The main studied material of the species found in Crete is listed in the Appendix. Detailed images were obtained using a binocular motorized microscope (Olympus SZX16) with adapted digital camera.
Results
After a detailed morphological study of the 22 collected specimens, twelve were identified as Tamarix nilotica, seven as T. parviflora, and three remained unclear, although their scarce remaining floral features suggested some resemblance to T. africana Poir. At the different herbaria visited, the following species were recognized among those vouchers collected in Crete: T. nilotica (as T. pallasii and T. smyrnensis), T. parviflora, and T. smyrnensis (as T. pallasii). The first record of T. parvi flora (as T. cretica) corresponds to Sieber's collection at "Armiro", which is the type material of T. cretica. The oldest, and the only, herbarium vouchers of T. smyrnen sis we found from Crete belong to the collection Raulin 618 from 1845 (G! and P!), first identified as T. pallasii (probably by Boissier) and as T. smyrnensis by Bunge, respectively. On the other hand, the oldest T. nilotica specimens we found from Crete are Greuter collections from 1966 (G! and W!), which were identified as T. pal lasii and stored as T. smyrnensis.
Among all samples and records, the presence of Ta marix nilotica was only reported recently (Dimopoulos & al. 2013: 143) , but no explicit reference to any voucher was made. According to Strid (pers. comm. 2014) , the entry in Dimopoulos & al. (2013) is based on the following specimen: Greece, Kriti, Nomos of Lasithi, Eparchia of Mirabello: peninsula of Spinalonga, 35°16'N, 25°45'E, 1 Aug 1973, Stamatiadou 17391 (ATH); conf. J. Zieliński. Actually, according to our observations, it is widely distributed in Crete. It is easily found growing wild on coastal salt marshes (e.g. Aposelemis, Kouremenos bay), as well as planted in most of the coastal villages and towns (eg. Paleochora, Tris Ekklisies). Among the species reported from Crete, the most similar to T. nilotica is clearly T. smyrnensis. These two species show similarities in their general morphology and they resemble each other in their general aspect. They both produce racemes of equivalent size, arranged on terminal compound panicles. In addition, they are both pentamerousflowered species with white or whitish petals, and are both also pentandrous, with the staminal filaments inserted between the nectariferous disk lobes. However, there are some notable differential characters (Fig. 1) , which are to be observed to avoid confusion. The leaves (Fig. 1D & E) of T. nilotica are broad at their base, ampexicaul or subamplexicaul in their lower half, with deep and numerous salt glands on their surface, whereas T. smyrnensis presents lanceolate leaves with a narrow and decurrent base, notably less glandular (Fig. 1A & B) . These differences are maintained throughout the complete leaf development, from young to old stages. The sepals of T. nilotica show some morphological variation through the natural distribution area of the species. Nevertheless, the specimens growing in Crete seem to be quite stable in presenting ovate-orbicular, obtuse-tipped sepals, whereas T. smyrnensis shows ovate to lanceolate, acute-tipped sepals. Tamarix nilotica shows elliptic petals, deciduous at the fruiting stage, whereas T. smyrnen sis has broadly elliptic to ovate petals, characteristically gibbous keeled, or at least with a rougher and coloured central part, persistent after anthesis. Finally, the phenology of both species differs notably: T. nilotica flowers essentially at late summer and autumn, whereas T. smyrnensis has its main flowering period in late winter and spring. Although Tamarix species are able to show secondary flowering periods, they tend to be weaker and less coordinated with the surrounding individuals than the main flowering periods.
Discussion
The previously reported geographic distributions of both taxa could have played a key role in the identification of T. nilotica specimens as T. smyrnensis. According to Baum (1966; , T. nilotica is native to Lebanon, Israel, Egypt, Sudan, Somalia and Kenya. Tamarix smyrnensis is supposed to be distributed in Romania, Bulgaria, Greece, Turkey, Cyprus, Syria, Lebanon, Israel, Russia, Georgia, Turkmenistan, Iraq, Iran and Afghanistan (Baum 1966 (Baum , 1978 . However, the most eastern localities of T. smyrnensis may correspond to T. hohenackeri Bunge, which we do not recognize as a synonym of T. smyrnensis (Villar & al. 2014 ). Therefore, we consider that the main distribution area for T. smyrnensis is found in the Turkish and Greek continental coasts, making its presence in Crete easily predictable.
Below we briefly discuss the presence of each of the previously reported taxa.
Tamarix dalmatica B. R. Baum, Monogr. Rev. Gen. Tamarix: 100, 180. 1966 .
No specimen of Tamarix dalmatica was found in the field or in the herbaria visited. Baum (1968) made no mention of a precise location or a concrete voucher and no other occurrence has been reported since then. In addition, Greuter (1974: 139) and Dimopoulos & al. (2013: 298) considered this species as erroneously reported from Crete. Accordingly, the presence of T. dalmatica has to be discarded.
Tamarix hampeana Boiss. & Heldr. in Boiss., Diagn. Pl. Orient., ser. 1, 10: 8. 1849.
We examined the sample on which the record of Tamarix hampeana (Turland 2010 ) was based (Turland 1778 & Bareka) , and it corresponds with our three samples collected at the same location (see Appendix), which we found difficult to identify, although they showed some resemblance to T. africana. However the morphology of these specimens shows certain peculiarities, and detailed studies are being undertaken in order to better clarify their taxonomic identity. The previous data suggest that Tamarix nilotica has been overlooked and confused with T. smyrnensis. The existence of the collection Raulin 618 confirms the presence in Crete of T. smyrnensis, and suggests that both species coexist there. The reported presence of T. smyrnen sis is likely to have led to the misidentification of T. nilotica, due to the general resemblance of these species to each other.
It remains doubtful whether Tamarix nilotica can be considered native or introduced to Crete, although some trees show big, wide trunks suggesting that their presence in the island goes further back than Greuter's 1966 collection. As can be seen in the Appendix, T. nilotica is also present in the East Aegean islands (Samos, Patmos, Rhodes) , and it is also reported for two other regions of Greece, the Ionian Islands and the West Aegean Islands (Dimopoulos & al. 2013: 143) . Therefore, further research would be needed to date its previously known distribution, or to clarify if its natural populations extend more than expected towards S Anatolia and the Aegean coasts.
Tamarix pallasii Desv. in Ann. Sci. Nat. (Paris) 4: 349. 1825.
Boissier's Tamarix pallasii could correspond to T. smyrnensis, as could many of the varieties of T. pallasii described by Bunge (1852; Baum 1978: 44) . Indeed, the oldest Cretan specimens of T. smyrnensis -and T. nilo tica -were initially identified as T. pallasii. This indicates that the presence of T. pallasii in Crete is doubtful, and that the name has probably been applied to specimens of T. nilotica and/or T. smyrnensis. The recent record of Tamarix tetrandra (Dimopoulos & al., 2013: 143) probably arises from Zielińsky's (1994: 34) treatment of T. parviflora as a synonym of T. tetrandra. However, this synonymization still needs further research to be fully clarified, and for the time being we consider the two species as separate.
Identification key for Cretan Tamarix
The key below includes all four species of Tamarix that we recognize as present in Crete. The identity of the population recorded as T. hampeana still needs clarification. 
. T. nilotica
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